04-14-2004 



08:14AM 



F ROM-Gates & Cooper LLP 



+13106418798 T-339 P. 043/050 F-435 



CM 

§5 

o 



(19) 



J 



Euro parsches Patentamt 
European Patent Office 
Office europeen dee brevets 



(12) 



(43) Date of publication: 

07.02^001 Bulletin 2001/06 

(21) Application number: 00115038-2 

(22) Date of filing: 25X7^000 



(n) EP 1 075 094 A2 

EUROPEAN PATErrr APPLICATION 

(51) Intel 7 : H04B 7/185 



(B4) Designated Contracting States: 

AT BE CH CY DE DK ES FH FA GB GR IE IT U LU 
MC NL FT S£ 

Designated Extension States: 
ALLTLV MKROSI 

(30) Priority: 05.08.1999 US 369069 

(71) AppHcant 

Hughes Electronics Corporation 

EJ Segundo, California 90245-0956 (US) 



(72) inventor: Poyrovian, Javad M. 
Irvine. California 92612 (US) 

(74) Representative: 

Stetl, Christian, Drpl.-Ing. ct a| 
Wltto, Welter & Partner, 
Postfach 10 54 62 
70047 Stuttgart (DE) 



(54) A scalable switch matrix and demodulator frank architecture for a satellite uplink receiver 



(57) A scalable switch matrix and demodulator bank 
architecture for satellite payload processor wherein the 
demodulators (44; 1 4) are connected to the output ports 
of the switches (42; 24) as the data Toad on the uplink 
beams varies. The switch matrix includes a first switch 
layer (40; 10) for receiving the uplink transmission 
beams and a plurality of demodulators (44: 14) con- 
nected to the output parts of the first switch layer (40; 
10), The number of demodulators (44) is limbed by the 



number of active uplink sub-bands which is generally 
less than the number of sub-bands per beam times the 
number of transmission beams. Thus, only a relatively 
few number of demodulators (44) are distributed among 
the uplink transmission beams as required. This resulte 
In a readily scaleable architecture having higher demod- 
ulation utilization rates than dedicated demodulation 
architectures. 




FIG. 2 
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Description 
Technical Field 

[O001] The present invention relates generally to 5 
switch matrices, and more particularly, to a scalable 
switch matrix and demodulator bank configuration for a 
high capacity multi-beam satellite uplink receiver. 

Background or The Invention '° 

[0002] Generally, satellite uplink receivers are typi- 
cally used to receive one or more uplink transmission 
beams carrying radio frequency signals. The receivers 
demodulate the signals for further processing, and is 
transmit the data to downlink modulators for transmis- 
sion on downlink beams. So far the satellites have been 
designed to process a relatively small number of uplink 
transmission beams. As a result, satellite uplink receiv- 
ers generally have dedicated demodulators for each a> 
potential uplink transmission beam. 
[0003] In order to Increase the capacity and reuse 
the uplink spectrum frequently and efficiently, there has 
been growing Interest in developing satellites capable of 
processing several hundred uplink beams. Each beam 25 
can potentially carry traffic up to the capacity of the fult 
uplink spectrum. However, due to limitations on fre- 
quency re-use and satellite processing power, the total 
footprint capacity Is generally much less than the maxi- 
mum beam capacity times the number of transmission so 
beams. Accordingly; in a satellite system designed to 
process, for example, 400 uplink beams each having 12 
sub-bands, 4600 dedicated demodulators would be 
required. Because the maximum capacity Is much less 
than the 4800 potential communication sub-bands, 35 
however, many demodulators would be underutilized 
and, even at maximum footprint traffic many demodula- 
tors would be idle. t 
[00041 As a result of low utilization rates, a dedi- 
cated demodulator architecture has the drawbacks of to 
relatively high power consumption and undesirable 
added weight to the satellite. 

[0005] The traffic of a beam varies with the 
demand, time-of-day, and/or motion of the satellite (in 
the case of non-geosynchronous satellites). Thus, there 4s 
exists a need for an uplink architecture with a pool of 
demodulators that can be assigned dynamically to the 
beams based on their needs. A scalable switch matrix 
provides reliable uplink signal processing, and reduces 
the amount of required hardware versus dedicated so 
demodulator architectures, thereby eliminating addi- 
tional power, volume, mass, and complexity. 

Disclosure Of The Invention 

55 

[000$] The present invention has several advan- 
tages over existing architectures. The present invention 
Is a scalable switch matrix and demodulator bank archi- 



tecture for a satellite paytoad processor wherein the 
demodulators are connected to the output ports of the 
switches and assigned optimally to the beams as the 
load on the uplink beams varies. Thus, a smaller 
number of demodulators are required to process the 
uplink signals. This results In a readily scalable architec- 
ture having higher utilization of the demodulators, 
smaller switch sizes, and a higher efficiency and overall 
reliability; 

[0007] These advantages are accomplished 
through the use of a high capacity switch matrix for 
processing data from many uplink transmission beams 
wherein each of the transmission beams Is capable of 
carrying an active communication signal in any one of 
several sub-bands. 

£0008] The switch matrix inclu des a first switch layer 
including one or more switches, each having several 
inputs and outputs. Each of the switch inputs are con- 
nected to receive one of the uplink transmission beams 
such that the total number of switch Inputs Is greater 
than or equal to the number of uplink transmission 
beams. The switch matrix also includes a plurality of 
demodulators for retrieving data from the active commu- 
nication sub-bands of the transmission beams. The total 
number of demodulators Is limited to the maximum 
number of communication sub-bands which can be 
active at any one gVan time. This number is generally 
much less than the number of sub-bands per beam 
times the number of uplink transmission beams. 
[0009] A second switch layer is connected between 
the first switch layer and the demodulators. The second 
switch layer Includes groups of varying numbers of 
switches such that the output ports of the first switches 
are connected to a varying number of demodulators. 
Thus, when a first switch receives uplink transmission 
beams having many active communication sub-bands, 
it routes the data traffic to an output port having a corre- 
sponding number of demodulators. 
[0010] In another aspect of the invention, a tandem 
switch is configured parallel to the first switch layer and 
is used to direct overflow traffic to underutilized switches 
in the first switch layer. This arrangement of the switch 
matrix allows any of the uplink transmission beams to 
be connected to a lime-varying number of demodula- 
tors. Other advantages of the invention will become 
apparent whan viewed in light of the following detailed 
description and appended claims, and upon reference 
to the accompanying drawings. 

Brief Description of the Drawings 

[0011] For a more complete understanding of this 
invention, reference should now be had to the embodi- 
ments illustrated In greater detail in the accompanying 
drawings and described below by way of examples of 
the invention, in the drawings: 

FIGURE 1 is a schematic representation of a sea I a- 
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ble switch matrix in accordance with one embodi- 
ment of the present invention; 
FIGURE 1A is a table representing the input and 
output connections associated with the first layer 
switches of Figure 1; and 5 
FIGURE 2 is a schematic representation of a scala- 
ble switch matrix according to another embodiment 
of the present Invention. 

Best Modefs) For Carrying Out The Invention 

[0012] Referring to Figure 1, there Is shown one 
embodiment of the scalable switch matrix and demodu- 
lator bank of the present invention. As shown in Figure 
1, the switch matrix Includes a first switch layer 10, a 
second switch layer 12, and a plurality of demodulators 
14. In this example, the switch matrix is configured to 
process a 400 beam uplink payload wherein the uplink 
beams are divided into 200 left and 200 right polariza- 
tions. Only the first beam 16 and the last beam 18 are 
shown* although it Is to ba understood that uplink trans- 
mission beams 2 through 199 would be similarly con- 
nected to the switch matrix. 

[0013] Since one polarization is typically sufficient 
to carry the data load of a majority of uplink transmis- 
sions, a plurality of 2x2 switches 20 and a 200 x 20 
switch 22 are used to pick up the desired polarization for 
the load traffic cells, and direct both polarizations to the 
first switch layer 10, if necessary, for uplink beams with 
heavy data traffic. Thus, there are 200 uplink transmis- 
sion beams connected directly to the first switch layer 
10 by the 2 x 2 switches 20, and as many as 20 addi- 
tional uplink transmission beams can be connected to 
the first switch layer 10 by the 200 x 20 switch 22. This 
results in a total of 220 potential inputs. 
[0014] Alternatively, the 2 x 2 switches 20 and the 
200 x 20 switch 22 could be eliminated and all of the 
uplink transmission beams could be directly connected 
to input pons of the switches within the first switch layer 
1 0 for a total of 400 potential inputs. 
[0015] The first switch layer 10 includes ten 2d x 26 
switches 24 which, in this case, are point-to-point 
switches. In this example, ten 28 x 28 switches 24 are 
shown because of the need to accommodate 220 inputs 
from the 2 X 2 switches 20 and the 200 x 20 switch 22, 
as well as six inputs per switch 24 received by the 60 x 
60 tandem switch 28. Of course, any number of 
switches 24. Including a single switch, could be used, 
and the size of the switch 24 could likewise be varied. 
[001 6] The tan dem switch 26 is used to direct over- 
flow trafllc from switches 24 operating at full capacity to 
other switches 24 operating at less than full capacity as 
Is known in the art 

[0017] Since each input transmission beam 
requires a variable number of demodulators to process ss 
the data traffic associated with the input beam, the out- 
put ports of the 28 x 28 switches 24 are connected to a 
varying number of 8 x 4 switches 28 In the second 



4 

switch layer 12- The table in Figure 1A shows the rela- 
tionship between the number of output switch ports in 
the 28 x 28 switches 24 and the corresponding number 
of 8 x 4 switches 28 that those output ports are con- 
nected to. As shown in Figure 1 A, the first output port rs 
connected to 12, 8 x 4 switches 28; the next two output 
ports are connected to 10, 8 x 4 switches 28; the next 
two output ports are connected to eight, 8x4 switches 
28; and so on. By changing the relationship of the out- 
put ports and the connections In the second switch 
layer, the traffic pattern that the switches 24 of the first 
Switch layer can support can be altered. 
[D018] Referring again to Hgure 1, the maximum 
number of 8 x 4 switches 28 connected to any single 
output port of the 28 x 28 switches 24 is 12 which, in this 
example, corresponds to the number of frequency chan- 
nels or sub-bands associated with each uplink transmis- 
sion beam. 

[0019] The demodulators 14 connected to a partic- 
ular 8x4 switch 28 are all of the same type and operate 
at the same frequency band. The demodulators 14 con- 
nected to different 8x4 switches 28 of the same 28 x 28 
switch 24 operate at different frequency bands. The 
sum of these frequency bands covers the entire allo- 
cated frequency spectrum which, in this case, Is shown 
as 300 MHz. Once the demodulators 14 process the 
data received In the uplink transmission beams, the 
data is passed to packet switch 30 for routing the pack- 
ets and then modulation and transmission on one or 
more downlink beams (the downink modulators and 
transmitter is not shown). 

[0020] The total number of demodulators is a func- 
tion of the maximum data rate for the entire uplink foot- 
print Due to the satellite processing power, among 
other things, the total footprint traffic is generally much 
less than the maximum beam capacity times the 
number of uplink transmission beams. In the case of the 
switch shown in Figure 1, the total number of demodula- 
tors Is 480- This corresponds to four demodulators per 
sub-band, per Input switch bank. This contrasts with the 
4800 demodulators which would be required in a dedi- 
cated architecture for 400 transmission beams each 
having 12 sub-banda Here, the maximum data rate is 
defined as the total number of sub-bands in each trans- 
mission beam which could be active at any one time. 
[0021] All of the switches shown in Figure 1 can 
receive and Implement the commands from a central 
processor (not shown) to connect any input port to any 
output port. The central processor is aware of the foot* 
print traffic and the active sub-bands within each beam. 
[0022] The tandem switch 26 is used to distribute 
the load to other switches 24 if the load on one or more 
of the 28 x 28 switches 24 exceeds the demodulator 
availability at those switches. The central processor 
determines which beams need to be off-loaded to other 
switches. 

[0023] Referring to Figure 2, there is shown a sche- 
matic diagram of another embodiment of the switch 
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matrix of the present invention. In this example, again, 
the switch is intended to accommodate a 400 beam 
uplink payload having a 300 MHz spectrum divided into 
12 frequency bands or subchannels. 
[0024] In this case, the first switch fayer 40 includes 5 
10 46 x 54 switches 42. Each of the switches 42 has 46 
inputs - 40 per switch to accommodate the 400 uplink 
transmission beams, and six per switch to route over- 
flow craia traffic to the tandem switch 26, Similarly, each 
switch 42 has 54 outputs to accommodate four demod- w 
ulators 44 per sub-band, and six outputs for overflow 
data traffic to the tandem switch 26. 
[0025] Each demodulator 44 of a demodulator bank 
46 Is of the same type and operates at the same fre- 
quency band. Each demodulator band 4G connected to is 
a different output port of the switches 42 and operates 
at a different frequency band. The sum of the frequency 
bands cover? the entire allocated uplink frequency band 
spectrum, i.e. 300 MHz. 

[□026] The switches 42 shown In Figure 2, have 20 
broadcast or multi-cast capability as is known in the art 
Thus, the switches 42 can multi-cast an input beam to 
any number of demodulators attached to the output 
ports as needed to process the data traffic on the input 
transmission beam. In contrast to the switches 24 of 25 
Figure 1, switches 42 have increased flexibility In adapt- 
ing to various traffic patterns, but require switches with 
multi-cast capability and more cross-connections. 
[0027] From the foregoing, it will be seen that there 
has been brought to the art a new and Improved switch 30 
matrix architecture which overcomes the drawbacks 
associated with dedicated demodulator architectures. 
While the invention has been described in connection 
with one or more embodiments, it wifl be understood 
that the Invention is not limited to those embodiments, ss 
On the contrary, the Invention covers all afternatives, 
modifications, and equivalents, as may be Included 
wlihin the spirit and scope of me appended claims. Fors 
example, referring to Figure 1 , all of the switches 20, 22, 
24, and 28 could be of a different number and size to 
depending upon the number and characteristics of 
uplink beams and available technologies. Similarly, 
depending upon the uplink beam payload, the second 
switch layer 1 2 nrtay be omitted (as in Figure 2} or a third 
switch layer similar to the second may be required. Also, is 
the demodulators 14, 44 may be tunable demodulators 
rather than fixed at a predetermined frequency, ft is, 
therefore, contemplated by the appended claims to 
cover any such modifications as Incorporate those fea- 
tures which constitute the essential features of these so 
Improvements within the true spirit and scope of the 
invention. 

[0028] (n summary, there has been disclosed a 
scalable switch matrix and demodulator bank architec- 
ture for satellite payload processor wherein the demod- ss 
ulators 44; 14 are connected to the output ports of the 
switches 42 24 as the data load on the uplink beams 
varies, The switch matrix includes a first switch layer 10 



for receiving the uplink transmission beams and a plu- 
rality of demodulators 44; 14 connected to the output 
parts of the first switch layer 40; 10. The number of 
demodulators 44 is Rmtted by the number of active 
uplink sub-bands which Is generally less than the 
number of sub-bands per beam times the number or 
transmission beams. Thus, only a relatively tew number 
of demodulators 44 are distributed among the uplink 
transmission beams as required. This results in a read- 
ily scaleable architecture having higher demodulation 
utilization rates than dedicated demodulation architec- 
tures. 

Claims 

1. A high-capacity switch matrix for processing data 
from a plurality of transmission beams (16)* 
wherein each of the transmission beams (16) Is 
adapted to carry an active communication signal in 
a plurality of sub-bands, chamcterized by the switch 
matrix comprising? 

a first switch layer (10) Including a first switch 
(24) having a plurality of input and output ports, 
each of said input ports connected to receive 
one of said plurality of transmission beams ( 1 6) 
and the total number of said input ports being 
greater than or equal to the plurality of trans- 
mission beams (1$); 

a plurality of demodulators (14), each capable 
of demodulating a sub-band from said active 
communication signals of said transmission 
beams (1 6); and 

a second switch layer (12) connected between 
said first switch layer (10) and said demodula- 
tors (14), said second switch layer (12) includ- 
ing a plurality of second switches (38) each of 
said second switches (28) having a plurality of 
input and output ports each of said input ports 
being connected to one of said first switch out- 
put ports and each of said second switch out- 
put ports being connected to one of said 
plurality of demodulators (14) such that at least 
one output port of said first switch (24) is con- 
nected to a different number of demodulators 
(14) through said plurality of second switches 
(2s). 

2. The switch matrix of claim 1 , characterized in that 
said first switch (24) is a point-to-point switch. 

3. The switch matrix of claim 1 . characterized In that 
said first switch) layer (10) includes a plurality of first 
switches (24) and wherein the total number of said 
plurality of first switch Input ports is greater than or 
equal to the plurality of transmission beams (1 6). 

4. The switch matrix of claim 3, characterized by a tan- 
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dem switch (26) having a plurality of input and out- 
put ports, said input ports being connected to at 
least one output of each of said plurality of first 
switches (24) and said output ports being con- 
nected to at least one Input of each of saw plurality $ 
of first switches (24), said tandem switch (26) being 
adapted to balance the load of active communica- 
tion signals being processed by each of said first 
switches (24). 

10 

5. The switch matrix of claim 3> characterized in that at 
least one of said plurality Of first switches (24) Is a 
point-tD-muJtipoint switch. 

6. The switch matrix of any of claims 1-5, character- is 
Ized in that said plurality of demodulators are 
arranged in a plurality of demodulator banks (14), 
each of said demodulator banks (14) operating at a 
predetermined frequency sub-band of said trans- 
mission beams. so 



10. The switch matrix of any of claims 7-9, character- 
ized in that each of said demodulators Is tunable. 



7. A multibeam uplink switch matrix for a satellite, 
characterized by: 



a first switch layer (40] including a point-to- 29 
multipoint switch (42) having a plurality of Input 
and output ports, each of said input ports con- 
nected to one beam of the multibeam uplink 
transmission and wherein the total number of 
said input ports is greater than or equal to the 30 
number of transmission beams: and 
a plurality of demodulator banks (46) including 
at least one demodulator (44), each of said 
demodulators (44) capable of demodulating a 
sub-band from one of said transmission 35 
beams, at least one of each of said plurality of 
demodulator banks (46) connected to each of 
said outputs of said point-to-multipoint switch 
(42). 

8. The switch matrix of claim 7, characterized in that 
said first switch layer (10) Includes a plurality of 
polnt-to-multipoint switches (42) and wherein the 
total number of said point-to-rnultlpoint switch 
inputs is greater than or equal to the plurality of as 
transmission beams. 



9. The switch matrix of claim 8, characterized by a tan- 
dem switch (26) having a plurality of inputs and out- 
puts, said inputs being connected to at least one so 
output of each of said point-to-muftipoint switches 
(42) and said outputs being connected to at least 
one of each of said inputs of said point-To-multlpolnt 
switches (42), said tandem switch (26) being 
adapted to balance the load of acth/e communica- ss 
Won signals being processed by each of said point- 
to-muftipoint switches (42). 
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